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VARIATIONS  IN  HOMOGENEOUS  FLUORESCENCE  LINEWIDTH  AND  ELECTRON-PHONON 


COUPLING  WITHIN  AN  INHOMOGENEOUS  SPECTRAL  PROFILE 

Phaedon  Avouris,  Alan  Campion  and  M.  A.  El -Saved 
Department  of  Chemistry'*' 

University  of  California 
Los  Anoeles,  California  90024 

The  origin  of  the  homogeneous  optical  linewidth  in  ionic  and  molecular  solids 
is  a subject  of  considerable  current  interest.  In  most  systems  at  finite  tempera- 
tures the  homogeneous  width  or  in  an  equivalent  description  the  optical 

transverse  relaxation  time  is  determined  by  phase  destructive  events. 

The  measurements  of  homogeneous  broadening  are  performed  either  in  the  frequency 

(2-9)  {10-121 
domain'  or  in  the  real  time  domain.  ' 

(21 

In  this  communication  we  use  the  fluorescence  line  narrowing  technique 

5 7 

(FLN)  to  determine  the  homogeneous  width  of  the  D^  ->•  F^  resonance  fluorescence 

line  of  Eu^^  in  an  amorphous  silicate  matrix  as  a function  of  laser  excitation 

wavelength  and  temperature  (200-350°K).  A smooth  increase  in  is  observed 

as  the  excitation  wavelength  is  decreased  across  the  inhomogeneous  profile 

(131 

(excitation  of  sites  of  progressively  higher  average  crystal  field  ').  The 
combined  temperature  and  excitation  wavelength  dependence  identify  the  broadening 
mechanism  as  a two-phonon  Raman  scattering  process  and  suggest  that  the  observed 
increase  of  Av^^^^  with  increasing  excitation  energy  is  due  to  stronqer  electron- 
phonon  coupling  at  sites  of  stronger  crystal  field. 

Eu^^  0.09  mole  % was  incorporated  as  an  impurity  in  a sodium  barium  zinc 

(141 

silicate  matrix.  The  experimental  setup  has  been  described  earlier.  Upon 

exciting  with  a narrow  laser  line  ('  1 cm’^),  an  emission  in  resonance  with, 
but  broader  than,  the  laser  line  is  observed.  In  addition,  a weak  broad 
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side  band  appears  whose  intensity  and  position  vary  with  the  excitation 
wavelength  and  the  temperature.  Further  studies  of  these  side  bands  are 
now  in  progress  and  will  be  published  later.  The  resonant  fluorescence 
lineshape  is  Lorentzian  to  a very  good  approximation. 

The  important  results  are  shown  in  Figs.  1 and  2 and  can  be  summarized 
as  follows:  (i)  Fig.  1 shows  a smooth  increase  in  the  homogeneous 

fluorescence  linewidth  (corrected  for  the  finite  laser  and  instrumental  widths) 
as  the  excitation  wavelength  of  the  laser  is  decreased  across  the  inhomogeneous 
line  changes  by  a factor  of  2 between  5795  and  5745  A),  (ii)  The 

variation  of  with  temperature  can  be  fitted  to  a power  law,  T^,  with 

n = 2.1  1 0.1  (Fig.  2)  or  to  an  exponential  law,  e with  an  activation 

energy  AE  = 380  ± 20  cm  \ and  is  independent  of  the  excitation  wavelength. 

From  Av,  , T„  can  be  obtained  from  the  relation  T„'^  = ttAv.  = (2T,)~^  + r 
horn  2 2 horn  1 

where  T^  is  the  longitudinal  relaxation  time,  which  in  our  case  is  determined 
essentially  by  the  radiative  lifetime  (~  1 ms),  and  r is  the  dephasing  rate. 

From  Fig.  1,  T^  is  found  to  change  from  1.5  to  4 psec  across  the  inhomogeneous 
band  and  is  determined  by  the  loss  of  phase  coherence  as  a result  of  one-  or  two- 
phonon  scattering  processes.  The  variation  of  Av^^^(or  T^)  across  the  inhomo- 
geneous profile  then  signifies  a variable  efficiency  of  the  phonon  scattering 
processes  with  excitation  wavelength. 

The  variation  in  Av^^^  with  and  temperature  could  be  explained  by 

either  a Raman  process  (since  a one-phonon  process  is  expected  to  show  a 

(15) 

linear  temperature  dependence  '),with  a site-dependent  electron-phonon 
coupling  strength,  or  by  an  Orbach  process  with  a site-dependent  activation 
energy.  The  linewidth  decreases  with  increasing  (indicating  a smaller 

scattering  rate)  so  that  the  Orbach  activation  energy  would  have  to  increase 
to  explain  our  observation.  The  only  accessible  ion  level  whose 
transition  energy  changes  in  this  direction  is  the  lowest  Stark  component 


r. 


J 
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of  the  level,  which  lies  from  130-260  cm*^  above  the  ground  state.  The 

observed  activation  energy  is  380  ^ 20  cm*^  and,  more  important,  is  independent 

of  \ . Thus  we  conclude  that  the  Orbach  mechanism  is  unimportant  in  this  system, 

exc 

7 2 

A Raman  process  should  exhibit  a T dependence  for  T < Tp., or  T for 


ture  range  where  T ^ T 


Debye 


Debye 
liO.l 

c 

(200-350  K),  a Raman  process  is  indicated.  The 


T ''  Since  a power  law  fit  of  our  data  gives  T^'^  over  a tempera- 


variation  in  the  homogeneous  linewidth  across  the  inhomogeneous  profile  is  then 
ascribed  to  a site-dependent  electron-phonon  coupling  strength. 


(131 

Brecher  and  Riseberg  ' showed  that,  in  this  silicate  glass,  high 
5 7 3+ 

0^  -»  excitation  energies  of  Eu  correspond  to  high  static  crystal  fields. 

As  our  results  suggest,  high  excitation  energies  also  correspond  to  stronger 

electron-phonon  coupling.  Therefore,  there  appears  to  be  a correlation  between 

the  crystal  field  and  electron-phonon  coupling  strengths.  This  correlation  is 

physically  reasonable  since  the  electron-phonon  coupling  measures  the  modu- 

7 5 

lation  of  the  crystal  field  by  the  thermal  lattice  strains.  The  F and  D 
levels  may  be  affected  by  the  electron-phonon  perturbation  to  different  extents.  We 
suggest  that  phonon  perturbation  of  the  ground  state  is  dominant  in  determining 
the  observed  homogeneous  linewidth.  This  is  based  on  the  following  simplified 
argument.  The  interaction  Hamiltonian  consists  of  a linear  electron-phonon  coupling 
term  taken  to  second  order  and  a quadratic  term  taken  to  first  order.  If  the 
linear  term  dominates,  and  if  the  matrix  elements  are  similar  for  the  ^F^  and 

5 

levels,  then  the  relative  amount  of  broadening  is  determined  by  the  sizes 
of  the  energy  denominators  in  the  perturbation  expansion.  Furthermore,  the 
major  contribution  to  the  sum  over  levels  will  come  from  mixing  of  J = 0 with 
J = 2 levels. Since  AE(^D^  - ^D^)  is  ' 2.5  AE(^F^  - 
perturbation  of  the  ground  state  is  expected  to  be  dominant. 


4 


In  closing,  we  conclude  that:  (i)  variations  of  the  phonon  scattering 

efficiency  and  transverse  relaxation  rate  may  appear  within  a single 
inhomogeneously  broadened  line,  (ii)  correlations  between  the  scattering 
efficiency  and  static  crystal  field  may  exist,  and  (iii)  the  measurement 
of  phase  destructive  events  in  the  frequency  domain  is  a powerful  and  simple 
technique  for  studying  events  on  the  picosecond  time  scale. 
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The  variation  of  the  homogeneous  linewidth  of  the 
-*•  ^F  resonance  fluorescence  line  of  Eu^^,  in  a 


o 0 

sil icate  glass  at 
wavelength  within 
Also  indicated  is 
rate  (12'^ ) under 


393  K,  with  laser  excitation 
the  inhomogeneous  line  profile, 
the  optical  transverse  relaxation 
the  same  conditions. 


The  dependence  of  the  hoiriogeneous  linewidth 
on  temperature. 


A 


J 


T(K) 


TECHNICAL  hEI'OHT  DILTHIBUTION  LILT 


No.  CopiPS 


Oi'l'ice  of  Naval  Hesearch 
f'.rlington , Virginia  22217 
Attn;  Code  U72 

Cffice  of  Naval  Research 
.'ir_ington,  Virginia  22217 
Attn:  Code  102IP 

OLTi  Branch  Office 
536  2.  Clark.  Street 
Chicago,  Illinois  6o605 
Attn:  Dr.  George  Seindoz 

0;rF,  Branch  Office 
715  Broadway 

New  York , New  York  10003 
Attn:  Scientific  Dept. 

OriR  Branch  Office 
1030  East  Green  Street 
Pasadena,  California  91106 
Attn:  Dr.  R.  J.  Marcus 

C:rP.  Branch  Office 
T6C  Market  Street,  Rr..  UU7 
San  Francisco,  California  9^102 
Attn:  Dr.  P.  A.  Miller 

ONR  Branch  Office 
I»95  Stanmer  Street 
Boston,  Massachusetts  02210 
Attn:  Dr.  L.  H.  Peebles 


Defense  Documentation  Center 

Building  5,  Cameron  Station 

Alexandria,  Virginia  2231^  12 

U.S.  Arir^f  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  North  Carolina  27709 
Attn:  CRD-AA-IP  1 

Commander 

Naval  Undersea  Research  & Development 
Center 

San  Diego,  California  Q2132 

Attn:  Technical  Library,  Code  133  1 

Naval  Weapons  Center 

China  Lake,  California  93.555 

Attn:  Head,  Chemistry  Division  1 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  California  930Dl 

Attn:  Mr.  W.  S.  Haynes  1 

Professor  0.  Heinz 

Department  of  Physics  & Chemistry 

Naval  Postgraduate  School 

Monterey,  California  939^0  1 

Dr.  A.  L.  SlarKOsky 
Scientific  Advisor 

Commandant  of  the  Marine  Corps  (Code  RD-1 ) 
Washington,  D.C.  20380  1 


Director,  Naval  Research  Laboratory 
Washington,  D.C.  20390 
Attn:  Library,  Code  2029  (ONRL)  6 

Technical  Info.  Div.  1 

Code  6l00,  6170  1 

The  Asst.  Secretary  of  the  Navy  (R&D) 
Department  of  the  Navy 
Room  UE736,  Pentagon 
Washington,  D.C.  20350  1 

Commander,  Naval  Air  Systems  Command 

Department  of  t.he  Navy 

Washington,  D.C.  20360 

Attn:  Code  310C  (K.  Rosenwasser)  1 


TECHNICAL  HEPOHT  Lj ..ThlbL'TIOX  LIH.T 


No.  Copies 


No.  Copies 


T>r-. — M-: — At — El  8(i.yo4 

v«^re i tiy  of  California 
I^opari'niont  of  Chomiotipy 
■neo'  Afij^oleoi  Colifopnia  ^000“i  1 

Dr.  K.  W.  Windsor 
Washington  State  University 
Department  of  Chemistry 
P\ol..man,  Washington  99163  1 

Dr.  S.  R.  Bernstein 
Colorado  State  University 
Department  of  Chemistry 
Fort  Collins , Colorado  80521  1 

Dr.  C.  A.  Keller 
Naval  Weapons  Center 
Code  6059 

China  Lake,  California  93555  1 

Dr.  G.  Jones,  II 

Boston  University 

Department  of  Chemistry 

Boston,  Massachusetts  02215  1 

Dr.  M.  H.  Chisholm 
Chemistry  Department 
Princeton,  New  Jersey  085^0 


Dr.  J.  R.  MacDonald 
Code  6110 

Chemistry  Division 
Naval  Research  Laboratory' 

Washington,  D.C.  20375  1 

Dr.  G.  B.  Schuster 

Chemistry  Department 

University  of  Illinois 

Urbana,  Illinois  6l801  1 

Dr.  E.  !■'.  r>('ring 

University  f Utah 

Department  of  Chemistry 

Salt  Lake  City,  Utah  f •/  / 1 > 1 

Dr.  A.  Adamscn 

University  of  Southern  California 

Department  of  Chemistry 

Los  Angeles,  California  90C0T  1 

Dr.  M.  S.  Wriphton 

Massachusetts  Institute  Of  Technology 

Department  of  Chemistry 

Cambridge,  Massachusetts  02139  1 


1 


